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Abstract; Eleven phenotypic traits of seed and fruit, soil element contents and pH value of four wild
populations of Chimonanthus praecox (Linn.) Link in Zhejiang Province ( Longwangkan, Bidongshan and
Wujianshan of Fuyang, and Fangshan of Lin’ an) were measured. On this basis, analyses on correlation
and principal component of phenotypic traits, cluster analysis on tested populations, and grey correlation
degree analysis on phenotypic traits with soil related factors were conducted. The results show that in
eleven phenotypic traits, there are significant or extremely significant differences in other phenotypic traits
except 1 000-grain weight of seed among populations, in which, multiple index values of population from
Bidongshan of Fuyang are the largest, its coefficient of each phenotypic trait variation shows an obvious
difference (6.97%—45.72% , with average of 19.98% ) , according to variation degree, the list from big
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to small is seed number per fruit, weight per fruit, pericarp weight per fruit, fruit length, fruit width,
coefficient of fruit form, fruit gap diameter, coefficient of seed form, seed width, seed length, 1 000-
grain weight of seed; average of phenotypic differentiation coefficient is 14. 83% among populations; in
eleven phenotypic traits, there is a less correlation of coefficient of seed form and 1 000-grain weight of
seed with other phenotypic traits, while there are extremely significant correlations among fruit length,
fruit width, fruit gap diameter, weight per fruit, pericarp weight per fruit, and seed number per fruit. Soil
element contents of four populations show an obvious difference, the soil is weakly alkaline. The
difference of correlation degree coefficient of each phenotypic trait with the same soil factor is small, but
that is obvious with different soil factors, and average of correlation degree coefficient from big to small is
pH value, Na content, K content, Cu content, Mn content, Ca content, Mg content, N content, Fe
content, P content, Zn content. The principal component analysis result shows that pericarp weight per
fruit, fruit width, weight per fruit, fruit length, seed length, coefficient of seed form, and 1 000-grain
weight of seed play a major role in seed and fruit phenotypic trait variation of wild populations of C.
praecox. According to cluster analysis, four wild populations of C. praecox tested can be classified into
three groups, in which, two populations from Fangshan of Lin’ an and Longwangkan of Fuyang can be
classified in one group, other two groups are independently grouped, the cluster analysis result shows no
connection with geographical distance of populations. It is suggested that there are rich phenotypic trait
variation in seed and fruit of wild populations of C. praecox in Zhejiang Province, variation within
population is dominant, and hereditary character is the main factor of phenotypic trait variation, and
phenotypic trait variation is associated with the synthesis action of multiple soil factors.

Key words: wild population of Chimonanthus praecox (Linn.) Link; seed and fruit; phenotypic trait;
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Table 1 Natural status of four wild populations of Chimonanthus praecox (Linn.) Link in Zhejiang Province

T G M 5753 ZfE Bk /m YR/ (°) 1)
No. of population Plot Latitude Longitude Altitude Slope Slope aspect
P1 & FHJE 3K Longwangkan of Fuyang N30°06’ E119°37’ 124 20-40 Z5Fj Southeast
P2 & FHEEZR 11 Bidongshan of Fuyang N30°03’ E119°34’ 155 70-80 P4t Northwest
P3 =y ANl Wujianshan of Fuyang N30°09’ E119°35' 351 30-40 P4t Northwest
P4 1% 77 11 Fangshan of Lin’ an N30°08’ £119°37" 380 40-50 PR Southwest

FH B FREE ( Mucuna sempervirens Hemsl. ) 2 B
FZRINFRRE (P2) Filllm 2 J5 ILFREE (P4) B RELE )
FEA AEH W MAE [ Eriobotrya japonica ( Thunb.)
Lindl. ) \Wi7T4# ( Phoebe chekiangensis C. B. Shang) FE
1E( Osmanthus fragrans (Thunb.) Lour.) 4848 Phoebe
sheareri ( Hemsl.) Gamble ), & M # [ Aphananthe
aspera  ( Thunb.) Planch.) . & X [ Cyclobalanopsis
glauca ( Thunb.) Oerst.) . # # ( Hovenia acerba
Lindl.) . % 1 [ Trachelospermum jasminoides ( Lindl.)
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Table 2  Average, coefficients of variation and phenotypic differentiation of phenotypic traits of seed and fruit of wild populations of
Chimonanthus praecox (Linn.) Link in Zhejiang Province (X+SD) !
e ¥4/ mm i 58/ mm L 25 Ty TR/ g
Population?’ Seed length Seed width Coefficient of seed form 1 000-grain weight of seed
P1 15.67x1. 10Aa(7.05%) 6.75+0. 64Bb(9.55%) 2.3420.21Aa(9.03%) 321.48+6.51Aa(2.02%)
P2 15. 87+0. 87Aa(5.45%) 7.20+0.51Aa(7.15%) 2.21%0. 17Be (7. 54%) 341. 00+29. 69Aa(8.71%)
P3 15.59+1. 16Aa(7.40%) 6.90+0. 48Bb(6.90% ) 2.27+0.20Bb(8. 54% ) 309. 54+19. 66Aa(6.35%)
P4 14.77+1. 34Bb(9. 10%) 6.93+0. 53ABb(7.68%) 2.14+0. 17Cd(8.03%) 328.95+35.47Aa(10.79%)
M, 15.48+0.42(7.25%) 6.94+0.16(7.82%) 2.24%0.07(8.29%) 325.24+11.43(6.97%)
al, 0.258 0.033 0. 007 21.042
a? 0. 828 1.053 1.288 172. 443
V,/% 23.73 3.02 0.56 10. 88
Gl RIS/ mm SRS HE/ mm B S/ 234 A HEA/mm
Populali0n2> Fruit length Fruit width Coefficient of fruit form Fruit gap diameter
Pl 52.02+7. 60Aa( 14. 62%) 16. 18+2. 57Aa(15.91%) 3.24+0.32ABab (9. 85%) 6.86+0.93Bc(13. 62% )
P2 53.88+10. 51Aa( 19.50% ) 16.42+3. 10Aa(18.90%) 3.34+0.67Aa(19.97%) 7.61+1.09Aa(14. 34%)
P3 47.90+8. 73Bb(21. 62% ) 15.84+2. 88Aa(18.65%) 3.04£0.37Cc(17.05%) 6.97+0.75Bbc(11.42%)
P4 45.50+9. 08Bb(19.95% ) 14.61+3. 13Bb(21. 44%) 3.16+0. 46BChe( 14.59%) 7.10+1. 00Be(14. 03% )
M, 49.82+3.30(18.92%) 15.76+0.70( 18.72%) 3.20+0. 11(15.36%) 7.14+0.29(13.35%)
al, 15. 152 0. 646 0.015 0. 093
a? 3.827 1.981 2.041 2.811
V,/ % 79.83 24.58 0.74 3.20
FhaE> HR /g BRI R g Lk SUSE 3
Population®’ Weight per fruit Pericarp weight per fruit Seed number per fruit M,/ %
P1 1. 47+0. 54Bbh(36. 76% ) 0. 64+0. 23Aa(35. 14%) 2.8+1.2Bh(43.89%) 17.95
P2 1. 80+0. 79Aa(43.53%) 0.57+0. 22ABb(38.35%) 3.5+1.5Aa(42.56%) 20. 55
P3 1. 48+0. 60Bb(42.57%) 0.59+0. 21Aab(35. 10%) 2.6+1.2Bb(49.37%) 20. 45
P4 1. 16+0. 48Cc(41.32%) 0. 50+0. 18Bc(36.87%) 2. 1+0.9Bb(47. 06% ) 20.99
M, 1.48+0.23(41.05%) 0.58+0.05(36.37%) 2.7+0.5(45.72%) 19.98
o, 0.074 0. 003 0.393
a? 2.293 3.038 2.537
V,/% 3.13 0.11 13.41 14.83

U ]3] A [/] B /NS TR S B4 32 7 AS [R) Fh B 6] [a] — 2 TR ZE 0. 05 F1 0. 01 /K |25 5 22 Different lowercases and capitals in the same
column indicate the significant differences in the same phenotypic trait among different populations at 0. 05 and 0. 01 levels, respectively. &5 P H)H 73
R 7AE 5 2240 The percentages in brackets are coefficients of variation.

D P1: &FH e TIK Longwangkan of Fuyang; P2: & FHZ2 7511l Bidongshan of Fuyang; P3: & FHF431l Wujianshan of Fuyang; P4 Ifi%Z 75 Il Fangshan
of Lin’ an. M, : £ RAIEIRAIIIE Average of each phenotypic trait. o2, ; FHHE]J5 22431 Variance component among populations; o2 : Ffif Py 75
25471 Variance component within population; V,,: %53 Z %L Phenotypic differentiation coefficient.

3 M, : KA AR A B R B Y Average of coefficients of all phenotypic trait variations of each population.
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Table 3 Correlation coefficient among phenotypic traits of seed and fruit of wild populations of Chimonanthus praecox ( Linn.) Link in

Zhejiang Province!!

%‘%ﬂﬁ}{k AR FERIPEAR A A E BB Correlation coefficient among different phenotypic traits

Ezi‘in"typlc SL SW CSF GWS FL FW CFF FGD WF PWF SNF
SL 1. 000

SW 0.367+x 1.000

CSF -0.013 -0.546+x  1.000

GWS 0.247 0.423 -0.174 1. 000

FL 0.287#%  0.170%% —-0.012 0. 507 1. 000

FW 0.308+#x  0.137+* —=0.011 0.215 0.722#%  1.000

CFF -0. 050 0. 040 -0. 006 0.239 0.363#x —0.365+* 1.000

FGD 0.116% 0.178** —0.060 0.247 0.463+%  0.604** -0.196%* 1.000

WF 0.379#%  0.229%% -0.074 0.356 0.759#%  0.840%* -0.118 0.564+  1.000

PWF 0.314#%  0.137+* -0.055 0.357 0.698#%  (.818x* —0.167+* 0.533*%% 0.882** 1.000

SNF 0.230#x  0.173%x -0.070 0. 136 0. 686+  0.736x*x -0.062 0.482#%  (0.895+*  0.705** 1.000

DSL, fl 7K Seed length; SW: Fi T3 Seed width; CSF: FE R %L Coefficient of seed form; GWS: FlFT-kiJfi £ 1 000-grain weight of seed; FL;
52K Fruit length; FW . J52FE Fruit width; CFF . SRJE R 5L Coefficient of fruit form; FGD: H M E 4% Fruit gap diameter; WF; PR i Weight per

fruit; PWF, FILSEH I Pericarp weight per fruit; SNF . FSFIFAL Seed number per fruit. = ; P<0.05; s . P<0.0l.
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S 1 E A, EEAE RN T A R e T
S FE A T R R SRR AE ) 4 ok
0. 957\0. 863 .0. 828 F1 0. 824 ; 745 2 M 4rth, £ 5
YERR 72 Fp 74 FRAE ) ok 0. 8385 7E5F 3 Ak
gy, BEAVEH T2 FIE R FRIE R Y 0. 807;

TES 4 Eor, EEAE 2 Fh 7 TR &, 5
fiEml &k 0. 738, FHULAT UL, PR IR e SRS |
PR SRS MK IR RECIRD T TR i
X S ARE T A b B A S R A R AR S R
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Table 4 Result of principal component analysis on phenotypic traits of seed and fruit of wild populations of Chimonanthus praecox (Linn.) Link

in Zhejiang Province!)

EN: W FHAE 1] = Eigenvector
Principal E CR/% CCR/%
component SL SW CSF GWS FL FW CFF FGD WF PWF SNF
1 -0.261 0.137 -0.375 0.408 0.824 0.863 -0.195 0.789 0.828 0.957 0.568 4.401 40.011 40.011
2 0.838 0.611 0.253 0.243  0.362 -0.272 0.797 -0.153 0.186 0.009 0.319 2.199 19.992 60.003
3 0.251 -0.626 0.807 -0.082 -0.005 0.193 -0.313 -0.434 0.267 0.077 0.548 1.813 16.486 76.489
4 -0.071 -0.385 0.305 0.738 0.179 0.036 0.222 0.175 -0.307 0.025 -0.346 1.118 10.167 86.656

D SL. i+ Seed length; SW . i1 Seed width; CSF; FIE R %L Coefficient of seed form; GWS

: M- TR 1 000-grain weight of seed; FL: 3

2K Fruit length; FW . HAFE Fruit width; CFF. BIE 2B Coefficient of fruit form; FGD; 11 HAE Fruit gap diameter; WF'. BT Weight per
fruit; PWF . BUIRFSE A Pericarp weight per fruit; SNF: BLREFIF4L Seed number per fruit; E: $#fE{H Eigenvalue; CR: Fi#k* Contribution

rate; CCR; BT 5i#k% Cumulative contribution rate.
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Table 5 Comparison on soil related factors of wild populations of Chimonanthus praecox (Linn.) Link in Zhejiang Province

R TR/ mg - kg™' Soil element content -4 pH {8
Population N p K Ca Mg Fe 7n Cu Mn Na Soil pH value
& FHJE £ IK Longwangkan of Fuyang 213 3.3 94.7 3504 1214 168 4.2 2.7 718 14.9 7.79
& BHZ2 43111 Bidongshan of Fuyang 369 11.7  99.4 4995 566 253 6.2 3.9 549 15.5 7.56
& BHHZ2 1l Wujianshan of Fuyang 92 3.6 53.7 5452 505 59 4.3 1.8 318 12. 4 8. 00
I 7111 Fangshan of Lin’ an 294 6.1 109.6 2444 681 95  23.7 1.8 395 18.8 8.06

TR AE 4 ARG ] 255 Hop, 4 Zn S
W2 7 LRI e, & PH OB SRR R ARG, AT 2 05
HHY 5. 70 55 13 Fe 25 i LUE BHZE AR (L Fp B v
B PR INFPRERAR, AU A 25 5 10 4. 28 fi5., 5341,
4 AFIEERY LY S a4 pH (E R pH 7. 56~
pH 8.06,

2.3.2 REXBEEHSH K4 DFREERS 11 NEE
RUMIR 5 - AR S PR A 70K (0 SRR BE A AT, 445 SR AL

# 6, G WN AR5 [F) — L HE R T 5C I
JE R BIE BN BN R R B PR S B — e 7T
BB ARSCHE . AN TR 9 DR 5 ] — R B oK 14 S B
JERRA W B2 5, B R — R BRRTT 224 4
WFBIZEE TR 5 R B EAR B SR B R A (B
REMKIK N pH {E  Na i K &%
P Ca & Mg i N & # Fe 1 P &1 Zn

i, RIS R AR B MIR S S 5 L pH (E R

=

i Cu &1 Mn
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Table 6 Result of grey correlation degree analysis on phenotypic traits of seed and fruit and soil related factors of wild populations of

Chimonanthus praecox (Linn.) Link in Zhejiang Province

CENGESIIERINGPS Y e

)

BT Correlation degree coefficient with different phenotypic traits'

Soil factor SL SW CSF GWS  FL FW CFF FGD  WF  PWF  SNF  HJ{f Average
N %3 N content 0.697 0.707 0.680 0.708 0.694 0.692 0.698 0.717 0.714 0.660  0.737 0.700
P %1 P content 0.679  0.683 0. 667 0.680  0.673 0.671 0. 685 0. 693 0.669  0.644  0.687 0.676
K %4 K content 0.819 0.809 0.812 0.824 0.840 0.822 0.825 0.820 0.789 0.791 0.7% 0.813
Ca # & Ca content 0.763 0.754 0.744 0.742 0.766 0.767 0.739 0.762 0.850 0.754  0.847 0.772
Mg % & Mg content 0.748 0.719  0.751 0.720  0.757 0.755 0.730 0.720 0.702  0.761 0.709 0.734
Fe ¥t Fe content 0. 665 0.639  0.663 0. 643 0.689  0.675 0. 653 0.644 0.726 0.706  0.764 0.679
Zn ¥ i Zn content 0.544  0.538 0.542  0.537 0.538 0. 541 0.536 0.540 0.534 0.541 0. 543 0.539
Cu % Cu content 0.766  0.738 0.764  0.747 0.796 0.777 0.758 0.746  0.834  0.781 0. 880 0.781
Mn % & Mn content 0.771 0.750  0.759  0.757 0.806 0.784 0.764 0.764 0.806  0.798 0. 805 0.779
Na 74 Na content 0.875 0.885 0.859 0.886 0.849 0.81 0.874 0.883 0.811 0.831 0.815 0. 857
pH {H pH value 0.963 0.959  0.960 0.951 0. 908 0.944  0.937 0.940 0.882 0.920 0.866 0.930

D QL. ffFK Seed length; SW . F1F %% Seed width; CSF . FiJE 224U Coefficient of seed form; GWS . FliF TR 1 000-grain weight of seed; FL; S
S Fruit length; FW . FRASZFE Fruit width; CFF; £IE 2% Coefficient of fruit form; FGD; 1 HAR Fruit gap diameter; WF. PR TR Weight per
fruit; PWF . HURRSEHii Pericarp weight per fruit; SNF: BRI T4 Seed number per fruit.
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Fig. 1 Cluster diagram of four wild populations of Chimonanthus
praecox ( Linn.) Link in Zhejiang Province based on phenotypic
traits of seed and fruit
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